Titanium dioxide (TiO 2 ) has been used as photo-catalyst for the degradation of reactive yellow (RY) in batch and continuous mode under UV irradiation. Titanium dioxide (TiO 2 ) was immobilized onto the ceramic plate using cement as binder. The effects of various parameters such as initial dye concentration, solution layer thickness, presence of catalyst, residence time, and catalyst loading on degradation have been investigated. The results showed that without catalyst no degradation was achieved. The maximum sorption capacity of TiO 2 was found to be 0.01447 kg/kg. The degradation of RY followed pseudo-first order kinetics with rate constant k = 0.001 min -1 . A decrease in degradation of RY was observed with an increase in initial concentration and solution layer thickness. A comparison of photocatalytic performance between batch and continuous mode was performed and the batch mode provided better degradation performance. About 60% degradation of dye was achieved at 360 min for 200 ppm RY solution in batch mode. 
Introduction
Dyes are one of the largest pollutants released in wastewater from textiles and other industrial processes. Because of potential toxicity of the dyes and their visibility in surface water, removal and degradation of reactive dyes have been a matter of considerable interest. Due to the synthetic nature of reactive dyes, biological treatment of wastewater alone is not usually effective for the removal of these chemical species. To meet increasingly stringent regulations, additional processes like coagulation, membrane separation or adsorption for the removal of these contaminants have been applied [1] [2] [3] . However, these processes simply transfer pollutants from aqueous to another phase, thus causing secondary pollution problem [4, 5] . Photocatalytic oxidation is cost effective and capable of degrading any complex organic chemicals when compared to other purification techniques [6] . Usually, semiconductor particles with suitable band gap and flat band potentials/energy levels are used as photocatalysts. The semiconductors such as TiO 2 , ZnO, Fe 2 O 3 , CdS, ZnS, and ZrO 2 are employed. Heterogeneous photocatalysis is a process in which the irradiation of an oxide semiconductor produces photoexcited electrons (e  -) and positively charged holes (h + ). The photoexcitation of semiconductor particles, by means of light with a higher energy than the electronic band gap energy of the semiconductor, generates excess electron in the conduction band (e−) and an electron vacancy in the valence band. The excitation of TiO 2 generates highly reactive electronhole pairs that in turn produce highly potent radicals (such as •OH and O 2
• -) to oxidize organic and inorganic pollutants [7] . Among the semiconductors, TiO 2 is the most widely used photocatalyst, mainly because of its photo stability, non-toxicity, low cost and water insolubility under most environmental conditions [8] . In recent years, TiO 2 photocatalysis has been successfully applied to remove organic and inorganic pollutants [9] , to inactivate microorganisms [10] , and to control disinfection by-product formation [11] . Although TiO 2 photocatalysis was found to be effective for the destruction of a wide variety of environmental contaminants present in water and wastewater, this technology has not yet been successfully commercialized because of the costs and problems connected to the separation of TiO 2 particles from the suspension after treatment. In order to solve this problem, supported photocatalysts have been developed [12] [13] [14] . In this study, Reactive Yellow (RY) was chosen as model dye to test a novel photocatalytic reactor. The reactor containing TiO 2 coated ceramic plate was operated in batch and continuous mode under UV irradiation at various conditions (with/without catalyst, different initial concentration and solution layer thickness). The performance of the reactor in batch and continuous mode were also compared.
Experimental

Materials
RY was supplied by a local textile industry and used as received. The catalyst TiO 2 nanopowder primarily in the anatase form (70:30 anatase to rutile) was purchased from Merck, Germany. Water used in our experiments was triple distilled and produced in our laboratory.
Preparation of photocatalytic plate
TiO 2 was mixed with cement at different ratios and the paste was made from the mixture with water. A thin layer of coating of the paste was made onto ceramic plate. There after it was kept in wet condition for a day and then dried at room temperature. After hardening the plate was subjected to heat treatment at 200 o C for 2 h in a muffle furnace and the temperature was increased up to 450 o C for another 2 h. After heat treatment the plate was fully prepared for using in the photocatalytic reactor.
Operation of the reactor
The photocatalytic degradation of RY was evaluated in an aqueous solution under illumination of UV light (UV lamp, 100 watt) in a photoreactor system. The schematic diagram of the photoreactor is shown in Fig. 1 . The reactor consists of a rectangular type box made by ceramic plates. The photocatalytic plate was placed on the floor of the box. The dimension of the reactor and photocatalytic plate were 40.5 cm x 8.5cm x10cm and 34.5cm x 8.5cm, respectively. The UV lamp was placed on the top of the reactor at 10 cm apart from the catalyst plate. For continuous operation, residence time was adjusted by tuning the input and output valves. For batch experiments, the input and output valves were closed. The degradation process of RY was assessed by sampling 2 mL solution at appropriate time intervals. The concentration of RY was determined using UV spectrophotometer (UV-1650, SHIMADZU, Japan) by monitoring the absorbance.
Result and Discussion
Adsorption isotherm for RY-TiO 2 system
In order to find out the maximum adsorption capacity of TiO 2 , the experimental data of equilibrium RY adsorption on TiO 2 were fitted to the Langmuir isotherm model. The Langmuir isotherm model assumes uniform energies of adsorption onto the surface of adsorbent and is represented by the following equation [15] :
where, q e is the equilibrium adsorption capacity of the adsorbent (kg dye/kg TiO 2 ), q ∞ is the maximum adsorption capacity (kg dye/kg TiO 2 ) , C e is the equilibrium dye concentration in the solution (kg dye/m 3 solution), and K is the adsorption equilibrium constant. The plot of 1/q e versus 1/C e was found to be linear as represented in Fig. 2 . The Langmuir isotherm model parameters (q ∞ and K) were calculated from the slope and intercept of the plot and were estimated to be q ∞ = 0.01447 kg/kg and K = 1.299 m 3 /kg.
The adsorption is well described by the Langmuir isotherm model as the equilibrium data fit to the isotherms with correlation coefficient (r 2 ) of 0.950. 
Photocatalytic activity of TiO 2 -cement plate in batch mode
The potentiality of RY degradation is studied in batch mode at various operating parameters such as initial solution concentration and solution layer depth under irradiation with UV light.
Effect of initial dye solution concentration
The effects of different initial RY solution concentration ranged from 200-500 ppm on degradation of dye were studied in a batch type photo-catalytic reactor system in presence and in absence of catalyst. The catalyst dose was 5 g TiO 2 /5 g cement (wt/wt) in an area of 0.029 m 2 ceramic plate while the solution layer thickness was maintained at 3.7 mm. The (1) remaining solution concentrations after degradation of RY were plotted as a function of time in Fig. 3 . It is evident from Fig. 3 that the concentration of RY remaining in the solution decreases with time while no degradation is observed in absence of catalyst. The initial concentration of RY influenced the UV light absorption on TiO 2 catalyst. As the RY concentration increased, some of the UV light photons were absorbed by the substantial amount of dye molecules. The quantity of effective photons which was absorbed by the surface of catalyst was reduced. The quantity of excited TiO 2 electrons produced by the effective photons decreased, making the generating holes lessened. As a result lower removal was achieved at higher concentration. 
Photocatalytic activity of TiO 2 in continuous mode
Numerous experiments were conducted at different initial concentration and residence time to investigate the potentiality of RY degradation under irradiation with 100 watt UVlamp in continuous photocatalytic reactor. under UV irradiation. The degradation efficiency of RY was found to increase with an increase in the residence time (Fig. 6) . The remaining solution concentration increased from 95.8 to 156.5 ppm as the residence time decreased from 100 to 50 min. At higher residence time the dye molecules would get more time for degradation which could explain why higher removal was attained at higher residence time 
Effect of residence time
Effect of initial concentration
The effect of initial RY concentration on the degradation efficiency was studied by varying the concentration in the range of 200-300 ppm and keeping the flow rate as well as the solution layer thickness constant in a continuous type reactor and the obtained results are represented in Fig. 7 . Without catalyst no degradation was found under UV illumination. For TiO 2 catalyzed system, the RY solution concentration was found to be depleted with irradiation time. It could be found from Fig. 7 that RY concentrations decreased to 92.8 and 210.12 ppm from 200 and 300 ppm, respectively. The active surface on the catalyst available for reaction is very crucial for the degradation to take place, but as the dye concentration is increased and the catalyst amount is kept constant, results in fewer active sites for the reaction. With increased dye molecules the solution became more intense colored and the path length of photons entering the solution decreased thereby only fewer photons reached the catalyst surface. At still higher concentration of the dye, the path length was further reduced and the photodegradation was found to be decreased [16, 17] . 
Effect of catalyst dose in photo-catalytic plate
The performance of photocatalytic plate depends on the catalyst dose. The photocatalytic plates loaded with different doses of catalyst e.g., TiO 2 to cement ratio 1:1 and 1:2 g/g, were used to evaluate the degradation performance of RY and the results were represented in Fig. 9 . It is clear from the figure that the catalytic decomposition performance enhances as the TiO 2 fraction increases in the catalyst film. The more active sites of catalyst at higher dose provided better photocatalytic degradation under UV light. Further increase of TiO 2 dose in the plate could not be possible. In case of higher dose of TiO 2 , (TiO 2 : cement = 2:1) the catalyst particles were not hold onto the surface. 
Conclusion
Photocatalytic degradation using TiO 2 was successfully applied for textile dye (Reactive Yellow). Photocatalytic reactor with an immobilized TiO 2 nanofilm was developed for continuous and batch process. The degradation of RY was strongly influenced by initial dye concentration, solution layer thickness and catalyst dose. No decomposition of RY was observed without catalyst. The monolayer sorption capacity of RY onto TiO 2 was found to be 0.01447 kg /kg. The rate constant of RY degradation was 0.001 min -1 . A comparison of photocatalytic performance between batch and continuous mode was performed and the batch mode provided better degradation performance. About 60% degradation of dye was achieved at 360 min for 200 ppm RY solution in batch mode.
